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(54) SURFACE WAVE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the 
temperature characteristic and also to increase the 
electricity-machine coupling coefficient for a surface 
wave device by setting the normalized thickness of a 
piezoelectric thin film at the specific value or more. 
SOLUTION: A ZnO thin film 12 is formed on the entire 
surface of a crystal substrate 10, and the IDT 13 and 14 
are formed on the film 13 with a space secured between 
them. The IDT 13 and 14 include a pair of sawtooth 
electrodes 13a and 13b and 14a and 14b, respectively. 
When the film 12 is formed on the plate 10, the 
normalized thickness HA, of the film 12 is desirably set at 
S0.05 (H, thickness of film 12; X, surface wavelength). 
The electricity-machine coupling coefficient is usually 
reduced when the DIT is fomied between the no film and the crystal. However, a large 
electricity-machine coupling coefficient is secured when the DIT 13 and 14 are formed on the 
film 12 like this example. Furthermore, the electricity-machine coupling coefficient is further 
increased when a short circuit electrode is inserted into the interface between the plate 10 
and the film 12. 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 
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3. In the drawings, any words are not translated. 
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[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation, 

1. This document has been translated by computer. So the t ran si at ion may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



Epitome 



(57) [Abstract] 

[Technical problem] an electromechanical coupling coefficient is larger 
than before using the Xtal substrate — SAW equipment offer is made. 
[Means for Solution] SAW equipment which formed the ZnO thin film 12 on 
the Xtal substrate 10, came to form the sinking comb electrodes 13a, I3b, 
14a, and 14b on the ZnO thin film 12, and made standardization thickness 
H/lambda of the ZnO thin film 12 0,05 or more. 



[Translation done. ] 
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13b 



14a 14b 




[Translation done. ] 

* NOTICES * 

^ JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 
[Claim (s)] 

[Claim 1] Surface wave equipment characterized by making standardization 
thickness H/larabda of a piezo-electric thin film or more into 0.05 v/hen 
it forms on the Xtal substrate, the piezo-electric thin film formed on 
said Xtal substrate, and said piezo-electric thin film, and it carried 
out, and it has a gear-tooth electrode and wavelength of H and a surface 
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wave is set to lambda for the thickness of said piezo-electric thin film. 
[Claim 2] Surface wave equipment according to claim 1 further equipped 
with said Xtal substrate and the short circuit electrode formed between 
said piezo-electric thin films. 

[Claim 3] Surface wave equipment which forms and carries out, is 
equipped with a gear-tooth electrode so that the Xtal substrate, the 
piezo-electric thin film formed on said Xtal substrate, and said piezo- 
electric thin film may be touched, and is characterized by using the 
Xtal substrate of the cut angle in which the group delay temperature 
characteristic TCD has the value of minus as said Xtal substrate, and 
the propagation direction, 

[Claim 4] Surface wave equipment according to claim 3 with which said 
sinking comb electrode is formed on said piezo-electric thin film, 
[Claim 5] Surface wave equipment according to claim 4 further equipped 
with the short circuit electrode formed between said Xtal substrate and 
said piezo-electric thin film. 

[Claim 6] Surface wave equipment according to claim 3 to 5 whose 
thickness H/lambda by which the piezo-electric thin film was 
standardized is 0, 03 or more when wavelength of H and a surface wave is 
set to lambda for the thickness of said piezo-electric thin film. 
[Claim 7] Said piezo-electric thin film is ZnO, AIN, and Ta 205. And 
surface wave equipment according to claim 1 to 6 which is the piezo- 
electric thin film which consists of a kind chosen from the group which 
consists of CdS. 



[Translation done. ] 
* NOTICES * 

JPG and NCIPI are not responsible for any 
damages caused by the use of this tr anslation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



PACE 36/59 * RCVD AT 2/22/2005 3:05:10 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/6 * DNIS:8729306 * CSID:703385508D * DURATION (mm-ss):22-52 



02/22/2005, 15:11 7033855080 KEATING S BENNETT PAGE 37/59 



[Field of the Invention] This invention relates to amelioration of the 
surface wave equipment using the surface wave substrate which comes to 
carry out the laminating of the piezo-electric thin film on the Xtal 
substrate especially about the surface wave equipment which used the 
Xtal substrate. 
[0002] 

[Description of the Prior Art] Conventionally, surface wave equipment is 
widely used for the band-pass filter of for example, mobile 
communication equipment etc. Surface wave (following, SAW) equipment has 
the structure in which at least one INTADEJITARUTORANSUDEYUSA (following, 
IDT) which consists of sinking comb electrodes of a pair at least so 
that a piezo electric crystal may be touched was formed. 
[0003] Moreover, various SAW equipments using a piezo-electric thin film 
are also proposed in recent years. That is, the SAW equipment using the 
surface wave substrate which comes to form a piezo-electric thin film on 
a glass substrate or a piezo-electric substrate is proposed. 
[0004] Four kinds of structures shown in drawing 1 (a), (b), and drawing 
2 (a) and (b) are known for the configuration using the above-mentioned 
piezo-electric thin film and a glass substrate. That is, with the SAW 
equipment 1 shown in drawing 1 (a), the ZnO thin film 3 is formed as a 
piezo-electric thin film on the glass substrate 2, and IDT4 is formed on 
the ZnO thin film 3. On the other hand, IDT4 is formed in the inferior 
surface of tongue of the ZnO thin film 3, i.e., the interface between a 
glass substrate 2 and the ZnO thin film 3, with the SAW equipment 5 
shown in drawing 1 (b). 

[0005] Moreover, with the SAW equipment 6 shown in drawing 2 (a), the 
short circuit electrode 7 is formed on the glass substrate 2, and the 
laminating of the ZnO thin film 3 is carried out on this short circuit 
electrode 7. IDT4 is formed on this ZnO thin film 3. That is, SAW 
equipment 6 is equivalent to the structure which inserted the short 
circuit electrode 7 in the interface of a glass substrate 2 and the ZnO 
thin film 3 in the SAW equipment 1 shown in drawing 1 (a). 
[0006] With the SAW equipment 8 shown in drawing 2 (b), the short 
circuit electrode 7 is formed on the ZnO thin film 3. Moreover, 1014 is 
formed in the interface between a glass substrate 2 and the ZnO thin 
film 3. Therefore, SAW equipment 8 is equivalent to the structure in 
which the above-mentioned short circuit electrode 7 was formed on the 
top face of the ZnO thin film 3, in the SAW equipment 5 shown in drawing 
1 (b). 

[0007] The electromechanical coupling coefficient at the time of 
changing the above-mentioned SAW equipments 1, 5, 6, and 8, and making 
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only the formation location of IDT4 and existence of the short circuit 
electrode 7 the same [ other configurations ] for them is shown in 
drawing 3 , Change of the electromechanical coupling coefficient to 
thickness H/lambda by which the ZnO thin film in the four above- 
mentioned kinds of SAW equipments 1, 5, 6, and 8 was standardized is 
shown by drawing 3 . In addition, in this specification, H shows the 
wavelength of the surface wave by which lambda is excited in the 
thickness of a ZnO thin film. Moreover, as a result of a continuous 
line* s A being SAW equipment 1, an alternate long and short dash line C 
shows the result of SAW equipment 6, and a two-dot chain line D shows 
[ a broken line B ] the result of SAW equipment 8 for the result of SAW 
equipment 5. 

[0008] By choosing H/lambda shows that a big electromechanical coupling 
coefficient is obtained compared with the SAW equipments I and 6 in the 
SAW equipments 5 and 8 so that clearly from drawing 3 . Therefore, with 
the structure in which the ZnO thin film 3 was formed on the glass 
substrate 2, it was supposed conventionally that an electromechanical 
coupling coefficient with bigger forming IDT4 in the interface between a 
glass substrate 2 and the ZnO thin film 3 will be obtained. In addition, 
the wave currently described as the SEZAWA wave in drawing 3 is a 
surface wave of the higher mode of a Rayleigh wave. 

[0009] Moreover, in Jpn. J. Appl. Phys. Vol. 32 (1993) 2333-2336 page, it is 
Li^fb03. Change of the electromechanical coupling coefficient by IDT at 
the time of using the surface wave substrate which comes to constitute a 
ZnO thin film on a piezo-electric single crystal substrate, or the 
location of a short circuit electrode is shown. This is explained with 
reference to drawing 4 (a), (b), and drawing 5 (a) and (b). 
[0010] Drawing 4 (a) is LiNb03 about the glass substrate 2 in the SAW 
equipment I shown in drawing 1 (a). The relative thickness kh (k is 2 
pi/lambda and h is the thickness of a ZnO thin film) and the 
electromechanical coupling coefficient K2 of the ZnO thin film about the 
SAW equipment of structure replaced with a piezo-electric single crystal 
substrate Relation is shown. In addition, continuous-line + is LiNb03, 
About the case where a ZnO thin film is formed on a plus side, broken- 
line - is LiNbOS. It is a property at the time of forming a ZnO thin 
film in a minus side. Similarly, drawing 4 (b) is LiNb03 about the glass 
substrate 2 of the SAW equipment 5 shown in drawing 1 (b). 
Electromechanical coupling coefficient K2 at the time of transposing to 
a piezo-electric single crystal substrate It is shown drawing and a 
continuous line is Li^^b03. When a ZnO thin film is formed on a plus side, 
a broken line shows the property at the time of forming a ZnO thin film 
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on a minus side. Furthermore, drawing 5 (a) is the electromechanical 
coupling coefficient K2 at the time of transposing the glass substrate 2 
of the SAW equipment 8 with which drawing 5 (b) showed the glass 
substrate 2 of the SAW equipment 6 shown in drawing 2 (a) to drawing 2 
(b) to a LiNb03 piezo-electricity single crystal substrate, respectively. 
It is drawing showing change. 

[0011] It is LiNb03 so that clearly from drawing 4 and drawing 5 . 
Electromechanical coupling coefficient K2 with bigger forming IDT in the 
interface between a piezo-electric single crystal substrate and a ZnO 
thin film also in the structure which formed the ZnO thin film as a 
piezo-electric thin film on the piezo-electric single crystal substrate, 
so that clearly from drawing 4 (b) and drawing 5 (b) It turns out that 
it can realize. 

[0012] that is, when using conventionally the surface wave substrate in 
which the ZnO thin film was formed on the glass substrate or the piezo- 
electric substrate, for obtaining a big electromechanical coupling 
coefficient, IDT should be formed between a piezoelectric thin film and 
a substrate — ** — it thought. 

[0013] On the other hand, an electromechanical coupling coefficient is 
not only large, but depending on the application, the temperature 
characteristic is good, namely, the surface wave substrate with a small 
change of the property by the temperature change is called for, and Xtal 
is known as a substrate ingredient with the good temperature 
characteristic. However, the Xtal substrate had the problem that an 
electromechanical coupling coefficient was comparatively small. 
[0014] As mentioned above, the Xtal substrate has the good temperature 
characteristic. For example, as shown in drawing 10 , it is known for 
the rotation Y cut Xtal substrate that there is relation like 
illustration between an Eulerian angle, and TCD and a propagation loss. 
Here, TCD shows the rate of change (a unit is ppm/**) by the temperature, 
of a time delay. 

[0015] In addition, in drawing 10 , in a continuous line A, a continuous 
line B shows a propagation loss and a broken line C shows TCD of the 
Rayleigh surface wave for TCD at the time of exciting a leakage surface 
acoustic wave on a rotation Y cut Xtal substrate. However, the 
propagation loss of a Rayleigh wave is zero. 

[0016] Since TCD and the propagation-loss property which are shown in 
drawing 10 were known, the rotation Y cut Xtal substrate of nearly 130 
degrees was conventionally used for the Eulerian angle shown in drawing 
10 . That is. the SAW equipment with which the Xtal substrate of the cut 
angle of the zero neighborhood is used, and TCD comes to form IDT on 
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this Xtal substrate was used as good SAW equipment of the temperature 
characteristic. 

[0017] However, also in the SAW equipment using the Xtal substrate 
constituted as mentioned above, too, when an SAW filter was constituted, 
it was difficult [ it / the electromechanical coupling coefficient was 
small, therefore ] to obtain the filter shape of a low insertion loss or 
a broadband. 
[0018] 

[Problem(s) to be Solved by the Invention] The purpose of this invention 
is in the SAW equipment using the surface wave substrate which comes to 
carry out the laminating of the Xtal substrate and the piezo-electr ic 
thin film to offer the thing equipped with- the structure which can raise 
an electromechanical coupling coefficient further. 
[0019] Moreover, other purposes of this invention are to offer SAW 
equipment with a much more big electromechanical coupling coefficient 
good [ the temperature characteristic ]. 
[0020] 

[Means for Solving the Problem] This invention is made in order to 
attain the above-mentioned technical problem, and according to the large 
aspect of affairs of invention of the 1st of this application When it 
forms on the Xtal substrate, the piezo-electric thin film formed on said 
Xtal substrate, and said piezo-electric thin film, and it carried out, 
and it has a gear-tooth electrode and wavelength of H and a surface wave 
is set to lambda for the thickness of a piezo-electric thin film, the 
surface wave equipment characterized by making standardization thickness 
H/lambda of a piezo-electric thin film or more into 0.05 is offered. 
[0021] With the surface wave equipment concerning invention of the 1st 
of this application, the piezo-electric thin film is formed on the Xtal 
substrate as mentioned above, and the sinking comb electrode is formed 
on this piezo-electric thin film. That is, when the surface wave 
substrate which comes to carry out the laminating of a non-piezo- 
electricity substrate or a piezo-electric substrate, and the piezo- 
electric thin film was used conventionally, it burned IDT, and the gear- 
tooth electrode should be formed between the substrate and the piezo- 
electric thin film, and the direction of it was considered that it can 
enlarge an electromechanical coupling coefficient. However, it came 
[ the invent ion-in-this-applicat ion person came in the header and the 
pan that the direction which formed the piezo-electric thin film on the 
Xtal substrate, and formed the sinking comb electrode on the piezo- 
electric thin film could raise an electromechanical coupling coefficient 
in the case of the Xtal substrate which is a piezo-electric substrate, 
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and ] to make [ the above-mentioned specific thickness, then that an 
electromechanical coupling coefficient can be raised further ] the 
piezo-electric thin film in that case for the 1st invention of a header 
and this application. 

[0022] the above-mentioned surface wave equipment — if it is, it has 
further preferably the short circuit electrode formed between the Xtal 
substrate and the piezo-electric thin film. According to the large 
aspect of affairs of invention of the 2nd of this application^ it forms 
and carries out and has a gear-tooth electrode so that the Xtal 
substrate, the piezo-electric thin film formed on said Xtal substrate, 
and said piezo-electric thin film may be touched, and the surface wave 
equipment characterized by using the Xtal substrate of the cut angle in 
which the time delay temperature characteristic TCD has the value of 
minus as said Xtal substrate, and the propagation direction is offered. 
[0023] In the 2nd invention, the Xtal substrate of the cut angle in 
which the time delay temperature characteristic TCD has the value of 
minus as a Xtal substrate, and the propagation direction is used, and 
the laminating of another side and the piezo-electric thin film is 
carried out on the Xtal substrate so that clearly from explanation of 
the below-mentioned operation gestalt. As for a piezo-electric thin film, 
the time delay temperature characteristic TCD usually has the value of 
plus. Therefore, with the above-mentioned surface wave equipment of this 
invention, since the time delay temperature characteristic TCD is offset 
with the Xtal substrate and a piezo-electric thin film, the good 
temperature characteristic is realized. 

[0024] On the other hand, the Xtal substrate of the cut angle in which 
the time delay temperature characteristic TCD has the value of minus 
and the propagation direction has a big electromechanical coupling 
coefficient compared with the Xtal substrate of a cut angle with the 
time delay temperature characteristic TCD near zero, and the propagation 
direction so that it may mention later. Therefore, according to the 2nd 
invention, the temperature characteristic can offer the surface wave 
equipment which has a bigger electromechanical coupling coefficient good. 
[0025] According to another specific aspect of affairs of the 2nd 
invention, the above-mentioned sinking comb electrode is formed on a 
piezo-electric thin film, therefore can realize a much more big 
electromechanical coupling coefficient like the case of the 1st 
invention. 

[0026] Furthermore, according to another specific aspect of affairs of 
the 2nd invention, it has further the short circuit electrode formed 
between the Xtal substrate and the piezo-electric thin film, and an 
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electromechanical coupling coefficient is raised by it. 
[0027] Moreover, according to still more nearly another aspect of 
affairs of the 2nd invention, when it considers as the thickness H of a 
piezo-electric thin film, and the wavelength lambda of a surface wave, 
thickness H/lambda by which the piezo-electric thin film was 
standardized is made or more into 0. 03, and an electromechanical 
coupling coefficient is further raised by it. 

[0028] Moreover, by the 1st and 2nd invention of this application, the 
above-mentioned piezo-electric thin film is ZnO, AIN, and Ta 205. And it 
may be constituted by kind chosen from the group which consists of CdS. 
But other piezo-electric thin films may be used. In the piezo-electric 
thin film which consists of an ingredient mentioned above, the time 
delay temperature characteristic TCD has the value of plus. Therefore, 
by constituting a piezo-electric thin film from an above-mentioned 
ingredient, as mentioned above, the temperature characteristic can 
constitute good SAW equipment from invention of the 2nd of this 
application. 

[0029] The SAW equipment concerning invention of the 1st and the 2nd of 
this application can be applied to various SAW devices, such as an SAW 
filter, a SAW resonator, and the SAW delay line. 
[0030] 

[Embodiment of the Invention] Hereafter, the technique which will be the 
requisite for this invention is first explained as examples 1 and 2 of 
reference, referring to a drawing. 

[0031] the example 1 of reference — three kinds of following SAW 
equipments v/ere first produced using the direction propagation Xtal 
substrate of ST cut X which has a diameter xof 76. 2nim0. 5mm dimension. 
[0032] SAW equipment 11 ~ The ZnO thin film was formed on the above- 
mentioned Xtal substrate on the whole surface, on it, predetermined 
distance was separated, two IDT(s) were formed, and the SAW filter was 
produced. That is, as shown in drawing 9 (a), on the piezo-electric thin 
film 12, predetermined distance was separated and IDT 13 and 14 was 
formed. IDT 13 and 14 has the sinking comb electrodes 13a and 13b of a 
pair, and 14a and 14b, respectively. Moreover, with this SAW equipment 
11, as shown in drawing 9 (b), the ZnO thin film 12 is formed on the 
above-mentioned Xtal substrate 10. 

[0033] SAW equipment 12 ~ It differed in SAW equipment II, and if it 
removed having formed IDT between the Xtal substrate and the ZnO thin 
film, SAW equipment 2 as well as SAW equipment 1 was formed. 
[0034] SAW equipment 13 ~ In SAW equipment 11, the short circuit 
electrode v/hich consists of aluminum all over an interface was formed 
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between the ZnO thin film and the Xtal substrate, and others presupposed 
that it is the same as that of SAW equipment 11. 

[0035] In the above-mentioned SAW equipments 11-13, various thickness of 
a ZnO thin film was changed and the relation between the thickness of a 
ZnO thin film and an electromechanical coupling coefficient was measured. 
A result is shown in drawing 6 . In drawing 6 , a broken line D, a 
continuous line E, and an alternate long and short dash line F show the 
result of the SAW equipments 11, 12, and 13. respectively. In addition, 
the axis of abscissa of drawing 6 shows thickness H/lambda by which the 
ZnO thin film was standardized, 

[0036] By adjusting the thickness of a ZnO thin film shows that the 
biggest electromechanical coupling coefficient is obtained in SAW 
equipment 13, next a big electromechanical coupling coefficient is 
obtained in SAW equipment U, and an electromechanical coupling 
coefficient becomes small by forming a ZnO thin film with SAW equipment 
12 at reverse so that clearly from drawing 6 . The result shown in 
drawing 6 namely, in the direction propagation Xtal substrate of ST cut 
X Compared with Xtal with which ZnO is not formed, if IDT is formed 
between the ZnO film and Xtal, an electromechanical coupling coefficient 
will become small. On the other hand, when IDT is formed on a ZnO thin 
film, by showing that a big electromechanical coupling coefficient is 
obtained and inserting a short circuit electrode in the interface 
between the Xtal substrate and a ZnO thin film further more preferably 
shows that a bigger electromechanical coupling coefficient is obtained. 
[0037] The following SAW equipments 14-16 were produced using the Xtal 
substrate of the direction propagation of 165-degree rotation Y cut X of 
a diameter xof example of reference 276. 2mm0. 5mm dimension (an Eulerian 
angle 0 degree, 75 degrees, 0 degree). 

[0038] SAW equipment 14 — It constituted like the SAW equipment 11 of 
the example 1 of reference mentioned above if the substrate ingredient 
was used as the above-mentioned direction propagation Xtal substrate of 
rotation Y cut X and things were removed. 

SAW equipment 15 — If it removed having used the above-mentioned 
direction propagation Xtal substrate of rotation Y cut X as a Xtal 
substrate, it constituted like the SAW equipment 12 produced in the 
example 1 of reference. 

[0039] SAW equipment 16 — If it removed having used the above-mentioned 
direction propagation Xtal substrate of rotation Y cut X, SAW equipment 
16 as well as the SAW equipment 13 produced in the example 1 of 
reference was constituted. 

In the above-mentioned SAW equipments 14-16, various thickness of a ZnO 
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thin film was changed and the electromechanical coupling coefficient was 
measured, A result is shown in drawing 7 . 

[0040] In drawing 7 , in a broken line G, a continuous line H shows the 
result of SAW equipment 15, and an alternate long and short dash line I 
shows the result of SAW equipment 16 for the property of SAW equipment 
14. When the direction propagation Xtal substrate of rotation Y cut X is 
used so that clearly from drawing 7 > it turns out [ of an 
electromechanical coupling coefficient with the big direction at the 
time of forming on a ZnO thin film ] like the case of the example 1 of 
reference is acquired rather than forming IDT, i.e., a sinking comb 
electrode, between a ZnO thin film and the Xtal substrate. Moreover, if 
the property of an alternate long and short dash line I and a broken 
line G is compared, by forming a short circuit electrode between the 
Xtal substrate and a ZnO thin film further shows that a much more big 
electromechanical coupling coefficient is obtained so that clearly. 
[0041] Even if it is the case where the Xtal substrate with which cut 
angles differ is used from the result of the examples 1 and 2 of 
reference mentioned above, in using the surface wave substrate which 
comes to form a ZnO thin film on the Xtal substrate, it turns out by 
forming a sinking comb electrode on a ZnO thin film that a big 
electromechanical coupling coefficient is obtained. It explains per 
[ which can raise an electromechanical coupling coefficient further on 
the assumption that the above-mentioned examples 1 and 2 of reference ] 
example of an experiment of this invention. 

[0042] the example 1 of an experiment — the Xtal substrate which 
consists of a llS-degree rotation Y cut which has a diameter xof 
76. 2mm0. 5mm dimension first was used. The Xtal substrate of this cut 
angle is one of the substrate ingredients with which it is known that 
the biggest electromechanical coupling coefficient can be obtained in a 
leakage surface acoustic wave. Moreover, the propagation direction of a 
leakage surface acoustic wave is the direction of X. 
[0043] The SAW equipments 17-19 using the following leakage surface 
acoustic wave were produced using the above-mentioned direction 
propagation Xtal substrate of 115-degree rotation Y cut X, 
SAW equipment 17 — If it removed having used the above-mentioned Xtal 
substrate, it constituted like SAW equipment 11. 

[0044] SAW equipment 18 — If it removed having used the above-mentioned 
Xtal substrate, SAW equipment 18 as well as SAW equipment 12 was 
produced. 

SAW equipment 19 — If it removed having used the above-mentioned 
specific Xtal substrate, SAW equipment 19 as well as SAW equipment 13 
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was produced. 

[0045] Various thickness of the ZnO thin film of the above-mentioned SAW 
equipments 17-19 was changed, and the electromechanical coupling 
coefficient was measured. A result is shown in drawing 8 . In drawing 8 , 
as for a continuous line K, a broken line J shows [ the result of SAW 
equipment 17 ] the experimental result about SAW equipment 19 for the 
result about SAW equipment 18, as for an alternate long and short dash 
line L. 

[0046] Moreover, in the property shown in drawing 8 , distinction of the 
case where the excited surface wave is a leakage surface acoustic wave, 
and the case where it is the usual Ray lei gh wave was shown in drawing 8 . 
That is, it turned out that the leakage surface acoustic wave 
accompanied by attenuation is excited, and the thickness by which the 
ZnO thin film was standardized cannot use it for SAW equipments, such as 
a transversal mold using propagation, less than [ H/lambda =0. 14 ] 
(location shown with a two-dot chain line M) so that clearly from 
drawing 8 . However, it may be able to be used for the SAW component 
which does not need propagation. Therefore, by making or more into 0, 14 
thickness by which the ZnO thin film was standardized shows that SAW 
equipment with the big electromechanical coupling coefficient by which 
attenuation is not accompanied is obtained. 

[0047] Moreover, with the SAW equipment 18 in which the sinking comb 
electrode was formed between the Xtal substrate and the ZnO thin film, 
it turns out that a leakage surface acoustic wave cannot be excited 
effectively so that clearly from drawing 8 . On the other hand, with the 
SAW equipments 17 and 19 which come to form IDT, i.e., a sinking corab 
electrode, on a ZnO thin film, an electromechanical coupling coefficient 
is large and by making above-mentioned H/lambda or more into 0. 14 shows 
that the SAW equipment using a leakage surface acoustic wave without 
attenuation can be offered. In the case of a leakage surface acoustic 
wave, as shown in drawing 10 B, there is attenuation of 0. 2 dB/lambda by 
the 115-degree rotation Y cut X propagation which the propagation 
constants which show attenuation according to the cut angle of a 
substrate differed, and was shown here, but depending on a cut angle, 
there is a place (for example, X propagation of 105-degree rotation Y 
cut or 30-degree rotation Y cut) whose attenuation is zero. On such a 
cut square, attenuation does not follow in the place where ZnO thickness 
H/lambda is larger than 0.05, but a large electromechanical coupling 
coefficient is obtained. 

[0048] In addition, it turns out that thickness H/lambda by which the 
ZnO thin film which can excite the cut angle of the Xtal radical to be 
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used and the surface wave to be used was standardized differs so that 
clearly, if the result shown in drawing 6 - drawing 8 is compared. Like 
the direction propagation Xtal substrate of ST cut X mentioned above, 
and the direction propagation Xtal substrate of 165-degree rotation Y 
cut X, in the case of a Rayleigh wave surface wave H/lambda — 0.05 or 
more [ then ] and a good thing — further — the case of a leakage 
surface acoustic wave — a 115-degree rotation Y cut X propagation Xtal 
substrate — H/lambda — 0. 14 or more and a ICS-degree rotation Y cut X 
propagation Xtal substrate — H/lambda — 0.05 or more — then, it is 
good. Therefore, when forming a ZnO thin film on the Xtal substrate, as 
for thickness H/lambda by which the ZnO thin film was standardized, 
carrying out to 0.05 or more is desirable. 

[0049] As mentioned above, since various rotation Y cuts from which an 
Eulerian angle differs were used as a used Xtal substrate, class 
creation of much above-mentioned SAW equipments using the Xtal substrate 
with which Eulerian angles differ was carried out. Thus, the above- 
mentioned Eulerian angle and electromechanical coupling coefficient K2 
of SAW equipment which were obtained 0 mark is attached and relation is 
shown in drawing 16 (a). 

[0050] In addition, as for the broken line P of a leakage surface wave, 
the continuous line N of drawing 16 (a) shows the electric machine 
engagement multiplier of the Xtal substrate of the rotation Y cut X 
propagation in the case of a Rayleigh wave itself, the square of the 
electromechanical coupling coefficient of the Rayleigh wave in the 
structure which 0 mark in drawing and - mark formed the ZnO film on Xtal, 
respectively, and formed IDT on it further, and a leakage surface 
acoustic wave — value K2 It is shown, the square of the 
electromechanical coupling coefficient of a Rayleigh wave when *^ mark 
and mark prepare a short circuit electrode in the boundary of ZnO and 
Xtal further on the other hand at the structure, respectively, and a 
leakage surface acoustic wave — value K2 It is shov/n. Thus, K2 With cut 
angles, it changes somewhat. Moreover, drawing 16 (b) is again 
illustrated directly under drav/ing 16 (a) for the comparison with 
drawing 16 (a), although it is the same Fig, as drawing 10 . 
[0051] Although TCD used the Xtal substrate which has the neighboring 
cut angle of zero in order to improve the temperature characteristic 
when the SAW equipment using the Xtal substrate was constituted 
conventionally as explained with reference to example of experiment 2 
drawing 10 , a sufficiently big electromechanical coupling coefficient 
was not able to be obtained in this case. The invention-in-this- 
application person found out that good TCD and a big electromechanical 
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coupling coefficient could be obtained, when combining the Xtal 
substrate whose TCD is minus, and the ZnO thin film in the relation 
between the Eulerian angle shown in drawing 10 , and TCD. 
[0052] In .addition, in the field of minus of TCD, the relation between 
the cut angle of the Xtal substrate and the propagation direction, and 
TCD exists also in which Xtal substrate. This is explained with 
reference to drawing 11 - drawing 14 , 

[0053] Drawing 11 shows relation with the include angles theta and TCD 
from the X-axis of the propagation direction in ST cut Xtal substrate, 
in drawing 12 , drawing 13 shows relation with the include angles theta 
and TCD from the X"axis of the propagation direction of Y cut Xtal 
substrate, and drawing 14 shows relation with the include angles theta 
and TCD from the X-axis of the propagation direction of Z cut Xtal 
substrate for relation with the include angles theta and TCD from the Y- 
axis of the propagation direction of an X-cut-crystal substrate. Also in 
these Xtal substrates, that the field where TCD is subtracted exists 
changes by changing the propagation vectorial angle theta so that 
clearly from drawing 11 - drawing 14 . 

[0054] Invention of the 2nd of this application realizes good TCD and a 
big electromechanical coupling coefficient, when the above TCD(s) 
combine the piezo-electric thin film in which the value of TCD' s plus of 
the Xtal substrate of the cut angle which shows the value of minus, or 
the propagation direction is shown. The Xtal substrate which consists 
this of a rotation Y cut is taken for an example, and it explains with 
reference to drawing 15 . 

[0055] First, the substrate of a diameter xof 76. 2mm0. 5mm dimension was 
prepared as a Xtal substrate. In addition, as this Xtal substrate, two 
kinds, 165-degree rotation Y cut X propagation and ST cut 35 degree 
propagation, were prepared. 

[0056] The ZnO film was formed by the thickness to H/lambda =0-0.5 on 
the above-mentioned Xtal substrate, and IDT was formed so that it might 
be further in agreement in the above-mentioned propagation direction on 
it. The SAW measured the temperature characteristic (temperature 15, 
three 25 or 35-degree C points) of the time delay of a property. The • 
result is shown in drawing 15 . By 165-degree rotation Y cut X 
propagation, it turns out by ST cut 35 degree propagation that it 
becomes TCD=0 about ZnO thickness H/lambda =0. 16 about H/lambda =0. 35. 
Moreover, the electromechanical coupling coefficient in this thickness 
shows a large value as mentioned above. That is, in 165~degree rotation 
Y cut X propagation, they are the former and an electromechanical 
coupling coefficient K2. IVhen what was TCD=-30ppm/degree C formed the 
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ZnO film and IDT of H/lambda =0.35 in the Xtal substrate 0,2%, 5 times 
[ over the past ] as many K2 =1.04% as this and TCD=Oppm/degree C were 
obtained. Moreover, by preparing a short circuit electrode between the 
ZnO film and the Xtal substrate^ it becomes TCD=Oppm/degree C and is K2. 
1.35 still larger% is obtained, 

[0057] On the other hand, it is K2 when the former and that they were K2 
=0. 14% and TCD=-20ppm/degree C form the ZnO film and IDT of H/lambda 
=0. 16 on the Xtal substrate also in ST cut 35 degree propagation. 4. 8 
times as many K2 =0.77% as this and TCD=Oppm/degree C are obtained. 
Moreover, if a short circuit electrode is prepared between the ZnO film 
and the Xtal substrate, K2 =0.89% and TCD=Oppm/degree C will be obtained 
further. 

[0058] Therefore, though TCD has the value of minus in that case as a 
Xtal substrate using the Xtal substrate of an Eulerian angle with a big 
electromechanical coupling coefficient so that clearly from this example 
of an experiment By forming the ZnO thin film in which TCD of the plus 
which may offset the value of minus of TCD of the Xtal substrate as a 
ZnO thin film is shown, and forming IDT on it shows that the SAW 
equipment which has a very big electromechanical coupling coefficient 
and the good temperature characteristic can be constituted. 
[0059] Although the above-mentioned explanation explained two kinds of 
substrates, when a rotation Y cut and the Xtal substrate of other cut 
angles shown in drawing 11 - drawing 14 are used, even if TCD is minus, 
by using the Xtal substrate of an Eulerian angle with a big 
electromechanical coupling coefficient shows similarly that surface wave 
[ with a large and electromechanical coupling coefficient ] equipment 
with the good temperature characteristic can be constituted. That is, as 
shown in drav\ring 10 , in the Rayleigh wave in rotation Y cut X 
propagation, it is the range of minus [ Eulerian angle (0, 0, 0) - (0, 
20, 0), - (0, 45, 0) (0 65, 0) - (0, 135. 0) (0 180, 0) the range ] of 
TCD in an Eulerian angle (0, 0, 0) - (0, 135, 0) range, and leakage 
surface wave, the case where ST cut Xtal substrate is used as shown in 
drawing 11 — from an Eulerian angle (5 0, 132, 75**0) — (— between 
0,132.75**5 and 50) — and (0,132. 75**5,130) — from — TCD is in the 
range of minus between (0,132.75**5,180). 

[0060] Moreover, in the rotation X-cut-crystal substrate, TCD is [ the 
Eulerian angle ] subtracted between the range of - (90, 90, 0) (90, 90, 
35), and (90 90,145) - (90 90,180) so that clearly from drawing 12 . 
[0061] Similarly, in the rotation Y cut Xtal substrate, TCD is [ the 
Eulerian angle ] subtracted between (0, 90, 0), and (0, 90, 35) and (0 
90,145) between - (0 90,180) as shown in dravdng 13 . Moreover, vnth Z 
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cut Xtal substrate, when phi of an Eulerian angle (0, 0, phi) is the 
propagation directions other than 0, 60, 120, and 180, the value of TCD 
is the value of minus, so that clearly from drawing 14 . 
[0062] Therefore, surface wave [ with a large and electromechanical 
coupling coefficient ]• equipment with the good temperature 
characteristic can be constituted like the above by forming in the top 
face of each Xtal substrate the ZnO thin film which has the TCD value of 
plus, and forming IDT further so that the large cut angle of an 
electromechanical coupling coefficient may be chosen also in the range 
in the range mentioned above although each Xtal substrate shows the 
value of minus of TCD, and the value of minus of TCD may be offset. 
[0063] Moreover, when the ingredient of a single crystal like the Xtal 
substrate is used, the direction of the phase-velocity vector which goes 
to IDT from IDT> and the propagation direction of actual energy may stop 
being in agreement with the anisotropy of that cut angle, this 
phenomenon is called power flow, and the include angle produced at this 
time is called power flow angle. When this power flow is taken into 
consideration, a power flow angle is 0 and the cut angle of the Xtal 
substrate [ as / whose angle as TCD indicates the value of minus to be 
to coincidence is 0 ] is desirable. This desirable cut angle An Eulerian 
angle (0, 25, 0) - (0, 105, O) between, Between - (0, 45, 35).- (O, 10, 
60) (0, 20, 70) between, (0, 0, 15) Between - (0, 180, 45) - (0, 0, 85) 
(0, 0, 90) between, (0, 90, 30) (90, 90, 25) It is between - (90, 90, 
31) - (0, 90, -3) (0, 90, 3) in between, and TCD is minus in this case, 
and a power flow angle is 0. 

[0064] Therefore, by forming a ZnO thin film on each Xtal substrate in 
the range mentioned above, and forming IDT further, the temperature 
characteristic is greatly good and an electromechanical coupling 
coefficient can constitute the surface wave equipment which does not 
have a bias in the propagation direction. 

[0065] In addition, although the above-mentioned example of an 
experiment explained the case where a ZnO thin film was formed as a 
piezo-electric thin film, the proper piezo-electric thin film which has 
the TCD value of pi uses, such as AIN and Ta 205 besides a ZnO thin film, 
and CdS, may be used, 

[0066] Furthermore, about the Xtal substrate, it points out that any of 

a plus side and a minus side may be used. 

[0067] 

[Effect of the Invention] As mentioned above, in invention of the 1st of 
this application, the sinking comb electrode is formed on the piezo- 
electric thin film formed on the Xtal substrate, and since 
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standardization thickness H/larobda of a piezo-electric thin film is made 
or more into 0*05, the surface wave equipment with which a big 
electromechanical coupling coefficient is obtained can be offered. That 
is, it becomes possible to raise an electromechanical coupling 
coefficient by leaps and bounds compared with the structure in which the 
sinking comb electrode was formed, between the Xtal substrates and the 
piezo-electric thin films which were presupposed that a big 
electromechanical coupling coefficient can be obtained conventionally, 
[0068] Moreover, according to invention of the 2nd of this application, 
the Xtal substrate of the cut angle in which TCD has the value of minus 
as a Xtal substrate, and the propagation direction is used, and the 
piezo-electric thin film is formed on this Xtal substrate. Therefore, 
since a piezo-electric thin film has the TCD value of usually plus, the 
TCD value of the Xtal substrate is offset by the TCD value of a piezo- 
electric thin film, and the good surface wave equipment of the 
temperature characteristic can be obtained. Therefore, even if a TCD 
value is minus, by using the Xtal substrate of the large cut angle of an 
electromechanical coupling coefficient, and the propagation direction, 
the temperature characteristic which was not able to be realized 
conventionally is good and it becomes possible to offer the surface wave 
equipment which has an electromechanical coupling coefficient big 
moreover. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) And (b) is each sectional view showing the glass 
substrate in conventional surface wave equipment, a piezo-electric thin 
film, and the laminated structure of IDT, respectively. 
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[Drawing 2] (a) And (b) is each sectional view for explaining the glass 
substrate in conventional SAW equipment, a short circuit electrode, a 
piezo-electric thin film, and the laminated structure of IDT, 
respectively. 

[Drawing 3] Thickness by which the piezo-electric thin film in the SAW 
equipment shown in drawing 1 and drawing 2 was standardized, and drawing 
showing relation with an electromechanical coupling coefficient. 
[Drawing 4] (a) And set to conventional SAW equipment and (b) is LiNbOS, 
respectively. Structure and LiNbOS in which a piezo-electric thin film 
and IDT were formed on the substrate Drawing showing the relation of the 
thickness and the electromechanical coupling coefficient in the 
structure which carried out the laminating of IDT and the piezo-electric 
thin film to this order on the substrate by which the 2n0 thin film was 
standardized. 

[Drawing 5] (a) And (b) is LiNbOS, respectively. Drawing showing the 
relation of the thickness and the electromechanical coupling coefficient 
by which the ZnO thin film at the time of forming in a location which is 
different in IDT and a short circuit electrode in the surface wave 
substrate which comes to form a ZnO thin film on a substrate was 
standardized. 

[Drawing 6] Drawing showing the relation of the thickness and the 
electromechanical coupling coefficient by which the ZnO thin film of 
three kinds of surface wave equipments in which the piezo-electric thin 
film and the sinking comb electrode were formed on ST cut Xtal substrate 
was standardized. 

[Drawing 7] Drawing showing the relation of the thickness and the 
electromechanical coupling coefficient by which the ZnO thin film of the 
surface wave equipment of three kinds of structures in which the ZnO 
thin film and the sinking comb electrode were formed on the direction 
propagation Xtal substrate of 165-degree rotation Y cut X v/as 
standardized. 

[Drawing 8] Drawing showing the relation of the thickness and the 
electromechanical coupling coefficient by which the ZnO thin film in the 
surface wave equipment which constituted the ZnO thin film and the 
sinking comb electrode in various gestalten on the Xtal substrate which 
consists of a 115~degree rotation Y cut was standardized. 
[Drawing 9] (a) And (b) is a partial notching sectional view of a part 
in which the typical top view and sinking comb electrode of SAW 
equipment which are constituted as the example of reference and 1 
operation gestalt of this invention are formed. 

[Drawing 10] Drawing showing relation with the Eulerian angle, TCD, and 
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the propagation loss in a rotation Y cut Xtal substrate. 

[Drawing 11] Drawing showing the relation of the propagation direction 

and TCD in ST cut Xtal substrate. 

[Drawing 12] Drawing showing the relation between the propagation 
direction of an X-cut-crystal substrate, and TCD. 
[Drawing 13] Drawing showing the relation between the propagation 
direction of Y cut Xtal substrate, and TCD. 

[Drawing 14] Drawing showing the relation between the propagation 
direction of Z cut Xtal substrate, and TCD. 

[Drawing 15] Drawing showing the relation between the ZnO thickness at 
the time of using 155"degree rotation Y cut X propagation and an ST cut 
35 degree propagation Xtal substrate, and TCD. 

[Drawing 16] (a) And (b) is drawing showing the relation of the Eulerian 
angle of a rotation Y cut Xtal substrate and electromechanical coupling 
coefficient in the operation gestalt of invention of the 2nd of this 
application, and drawing showing the relation between an Eulerian angle, 
TCD, and a propagation loss in a list, respectively. 
[Description of Notations] 

10 — Xtal substrate 11 <BR> — SAW equipment 

12 — ZnO thin film 

13 14 — IDT 

13a, 13b, 14a, 14b — Sinking comb electrode 
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[Drawing 1] 




[Drawing 3] 
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[Drawing 4] 
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[Drawing 6] 
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[Drawing 12] 
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[Drawing 16] 
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